Content and composition of hydrocarbons (mainly the aliphatic ones) in the suspended matter and the bottom sediments in the Gelendzhik Bay, the Big Sochi water area, the Feodosiya Bay and the Black Sea central part are defined and compared with the total organic carbon and chlorophyll a contents. It is shown that the aliphatic hydrocarbon concentrations exceeding the background ones are found only in the coastal zone. Advancing to the pelagic zone is accompanied by sharp decrease of their concentrations.
Hydrocarbons (HC) are the bulk of oil products (up to 95 %) [5, 6] . Therefore, due to the complexity of the analysis, the modern system of environmental monitoring is based on the determination of HC content, which is often called oil, without taking into account the natural marine hydrocarbon background [7] . In order to find out the current level of pollution by oil products in various areas of the Black Sea Russian sector, the research of aliphatic hydrocarbons (AHC), including alkanes and polycyclic aromatic hydrocarbons (PAHC), in the suspended matter and the bottom sediments was carried out in the present work.
The main difficulty in the sea oil pollution data interpretaion, especially at low (background) levels, is associated with the existence of natural sources (apart from anthropogenic ones) of hydrocarbons entering the marine environment. These include the processes of life and metabolism of marine organisms, accompanied by HC biosynthesis, and are permanent components of organic matter (OM) [6, 8] .
Beyond that, a significant contribution to the overall hydrocarbon balance is made by natural oil inflows from the sedimentation mass, which includes mud volcanism, natural gas and oil fluids and gas hydrates [2, 3] . Consequently, the relevance of defining the HC content and composition for a real assessment of oil pollution in the water areas is beyond doubt.
Materials and methods.
During the research in the 2012-2015 period 123 samples of the suspended matter isolated from surface waters, 14 samples taken from different horizons and 53 samples of bottom sediments were selected and analyzed. Water samples were collected from surface during the vessel approach to the station to avoid film penetration. To take samples from the depth horizons a plastic bathometer was applied. To define organic compounds, including HCs, the suspended matter was isolated on pre-calcinated GF/F (0.7 μm) glass fiber filters at 450 °C. To define the suspended matter concentration and composition -on the preliminarily washed (by 4 % pure saline acid) and suspended polycarbonate nuclear filters (0.45 μm) under vacuum at 0.4 atm. Samples of bottom sediments were taken by an Ocean bottom sampler.
Hydrocarbons were extracted from samples of the suspended matters and bottom sediment samples dried at 50 °C on a Sapphir ultrasonic bath. A fraction of 0.25-0.5 mm was previously isolated from bottom sediments for sieve analysis. The extractant was methylene chloride. Lipids (total extractable fraction) were defined before column chromatography on silica gel, AHC -after column chromatography on silica gel; AHC were isolated with hexane, PAHC -with a mixture of hexane and benzene (3:2) [6] . The concentration of lipids and AHC was defined by the IR method using the 2930 cm -1 band. A mixture of 37.5 % isooctane, 37.5 % hexadecane and 25 % benzene [5] was used as a standard on the IR Affinity-1 Shimadzu instrument (Japan).
The composition of alkanes was defined by the method of capillary gas-liquid chromatography (column 30 m long, ZB-5 liquid phase) on an Intersmat GC 121-2 chromatograph equipped with a flame ionization detector when programming temperature from 100 to 320 °C at a velocity of 8 °/min.
The PAHC content and composition was found by high performance liquid chromatography on an LC-20 Prominence Shimadzu chromatograph with an Envirosep PP column and a RF-20A fluorescent detector. The instrument was calibrated applying individual PAHCs and their mixtures produced by Supelco. As dominant ones the following PAHCs were defined: naphthalene (N), phenanthrene (Ph), anthracene (AN), fluoranthene (FL), pyrene (P), chrysene (CHR), perylene (PL), benz (a) pyrene (BP), 1.12-benzperylene (BPL).
Organic carbon (Corg) in the bottom sediments was defined by the method of dry burning on the domestic AN-7529 analyzer. A factor of 0.86 was used to recalculate the AHC concentrations in the sediments in the Corg concentration [6] .
Determination of chlorophyll a concentration was carried out by spectrophotometric method according to [9] .
Results and discussion. In the Gelendzhik Bay in the summer of 2012 the AHC concentrations in surface waters varied within the range of 5-15 μg/l, the mean value was 9 μg/l (Tab. 1). It was even lower than the background level for coastal marine areas (20 μg/l [6] ) and much lower than the TLV for the petroleum HCs (50 μg/l). Elevated AHC, as well as chlorophyll a concentrations, were observed in the coastal area, especially in its eastern part. The same distribution of AHC in surface waters was monitored in this area in 2010 [7] and, most likely, it was due to the water dynamics. Mathematical modeling has shown [10] that the main water flow enters the bay from the open sea through the center of the neck. It can promote the polluted dilution water in the bay. Further, the water flow reaches the shore and forms whirlpools in the western part of the bay and a stronger onein its eastern part. The western part of the bay is better ventilated than the eastern one. There the outflowing water can be involved in the circulation several times. Therefore, the AHC, chlorophyll a and suspended matter concentrating takes place in the east of the bay. Fragments of mineral particles, diatoms, as well as combustion spheres were the basis of the suspended matter at coastal stations [10] . In the summer 2013 the AHC content in surface waters increased (up to 18-20 μg/l on average), but remained below the TLV values. The area of increased concentrations in the Gelendzhik Bay moved to the north-west, but remained in the coastal zone ( Fig. 1, a) . Biogenic low-molecular autochthonous alkanes prevailed in the composition of AHCs isolated from suspended surface waters; the ratio of low-to high-molecular homologues varied within the range of 4-5. The main source of AHC was phytoplankton, as indicated by a maximum at n-C17, and an increase in n-C20 homologs, -C22 indicated their microbial transformation [6] . The smooth distribution of homologues in the high molecular weight region (CPI = 0.95-1.07) is typical for the suspended matter alkanes and can be due to the presence of both natural and weathered oil hydrocarbons. A similar composition of alkanes is characteristic for the water column of the Black and Azov Seas [11] .
In June 2015, on the Gelendzhik Bay section -the open sea the AHC concentrations in surface waters were practically constant (24 μg/L on average, Tab. 1). The existence of a correlation between the content of AHC and lipids (r = 0.94, n = = 18) both in the surface layer and in the entire water column indicates a high degree of AHC transformation [6] .
T a b l e 1 The bottom sediments selected in the summer 2013 in the Gelendzhik Bay were mainly represented by silty sandy material with a moisture content of 21 -34 % (28 % on average) and AHC content of 11-252 μg/g (Tab. 2). Both AHC and OB concentrations, as a whole, depend on the granulometric composition of sediments. The highest values are observed in the bottom sediments with an increased content of silt fraction (Fig. 1, b) . The established values exceeded the background concentrations (10 μg/g for sandy sediments, 50 μg/g for silty sediments [6, 12] ).
Content of Organic Compounds in the Suspended Surface Water
At many stations the AHC content in the composition of Corg was more than 1 % (Tab. 2), which is typical for the sediments contaminated with oil [6] .
T a b l e 2 However, biogenic natural AHC dominate in the alkanes: in the low-molecular area both, as in surface waters, -n-C17 homologue; in the high-molecular area -the increased content in a series of odd n-C27-C31 homologues of the terrigenous nature [6, 12] . In the transformation of petroleum HCs, alkanes (especially low molecular ones) are the first to disappear, however, the intensive autochthonous processes occurring at the water -sediment boundary contribute to the formation of biogenic compounds (n-C17). Such a composition of alkanes is established in the sediments of coastal areas not only of the Black Sea [11, 13] , but also of other seas [6] . (4.6) . Despite the relatively small area of the Gelendzhik Bay, the PAHC content varied depending on the location of the stations (Fig. 2, a) . Pyrene (the marker of pyrogenic processes) prevailed over perylene, which has a natural terrigenous origin [12, 14 and 15] , and at coastal stations 116 and 118 the P/PL ratio was 2.7-3.8. This may indicate the penrtration of fresh products of oil combustion. Also, at coastal stations, the fluoranthene concentration was higher than that of phenanthrene of natural origin (FL/F = 5.6-10.0), unlike the station 112, located in the central part of the bay, where this ratio was only 1.5. It all goes to show that the source of pollution is the coastal zone.
Content of Organic Compounds in the Surface Layer of the Bottom Sediments
In June 2015 in alevripelitic sediments in the Gelendzhik Bay -the Black Sea open part section, the AHC content was low both in terms of dry weight (4-28 μg/g) and in Corg (0.13 %, Tab. 2 ), i. e, just as in waters, corresponded to the background level. In the Big Sochi coastal area the highest concentrations of AHC in surface waters were established in May 2013 and were 4-675 μg/l (Tab. 1). In the area of the Mzymta River inflow the maximum concentration was 238 μg/l, 78 μg/l on average, 1.6 TLV. According to the model proposed by academician Alexander Lisitsyn [16] , the area of river and sea water mixing (marginal filter) consists of three main zones that differ in principle according to their functions: gravitational, physical-chemical and biological. In the gravitational zone due to the backwater of river waters by the sea one, sedimentation of sandy-silty fractions occurs. This area is characterized by high water turbidity and complicated photosynthesis. In the physical-chemical area colloids and dissolved compounds are captured (flocculation and coagulation zone). After sedimentation of various compounds with the clarification of water phytoplankton is developing and a biological zone arises (assimilation and transformation of dissolved substances of mineral and organic composition). On the geochemical barrier of the Mzymta -the Black Sea, the AHC content in surface waters decreased by a factor of 6 when passing from river to sea waters. The AHC distribution was governed by the marginal filter regularities and correlated with the suspended matter content (r = 0.95, n = 13). In the gravitational zone with the sedimentation of large particles of suspended matter, the sharpest decrease in the AHC content took place (Fig. 3) . "Losses" in their concentrations reached 74 %. In the physical-chemical zone (S = 1.5 eps) in the flocculation and coagulation processes, the AHC content reached 80 μg/l. In the biological zone (S = 13.5 eps) with water clarification and phytoplankton formation, the AHC concentration also increased, but to a lesser extent than in other zones of the marginal filter (up to 60 μg/l). In the area of the Kudepsta River inflow the AHC content was lower than in the Mzymta estuary area, but also decreased by a factor of 2 in the transition from the river waters to the sea ones. Apparently, the latter is due to the Kudepsta water catch peculiarity, its smaller runoff compared with the Mzymta, as well as to the isolated location from the construction of Olympic facilities. The highest concentrations of AHC in this area are found in the Bikhta River waters (32-675 μg/L, 127 μg/L on average, n = 7), flowing through the waste landfill, which caused its severe pollution by organic (15 times higher than the background) and biogenic substances (by silicates -18 times, by ammonia nitrogen -40 times higher than the background) [17] . When the river waters were diluted by the sea ones, the AHC content gradually decreased. However, in the seaward stations of the section, the AHC level remained quite high -38-53 μg/l.
In May 2014, after the Olympic construction termination, the AHC content in the surface waters of this area decreased by 1.6 times on average (up to 32 μg/l), the suspended matter content -by 2 times nearly (3.46 μg/l).
In May 2015, there was a further decrease in the AHC concentrations against the background of an increase in the suspended matter content (Tab. 1). At the same time, a sharp decrease (in 6 times) of the AHC content at the Bikhta inflow area is worth to be noted (Fig. 4) , which is associated with the waste landfill closure.
By 2015 there was also a decrease in the AHC concentrations from of 31 to 18 μg/g (Tab. 2) on average in the sandy coastal bottom sediments in the Big Sochi area. The low content in C org composition (< 1 %) indirectly indicates the natural origin of AHC.
In May 2015 in the the Feodosiya Bay surface waters the AHC content varied within the range of 14-90 μg/l (Tab. 1) and decreased from Chauda Cape to Feodosiya port (Fig. 5, a) . In contrast to the surface waters in sandy sediments near Chauda Cape, the AHC content was only 17 μg/g, which is comparable with the data of other researchers [11] . Low values of AHC are due to small sorption capacity of sand-shell sediments and rock outcrops, as well as to high dynamic activity of the water column [18] . Elevated concentrations of AHC are observed in the finely dispersed sediments of the Feodosiya port (up to 80 μg/g, Fig. 5, b) .
The PAHC content in the bottom sediments of the Feodosiya Bay varied within the range of 6-348 ng/g, while their higher concentrations were established both in the port area and in the area of Chauda Cape. The average content of unsubstituted polyarenes (in %) decreased in the following sequence: CHR (23) > FL (21) > > N (16) > P (14) > Ph (11) > PL (7) > BP (5) > AN (4) (Fig. 2, b) .
Despite the predominance of chrysene, having mainly biogenic origin, in the PAHC composition the increased concentrations of fluoranthene and pyrene may indicate the contamination of sediments by pyrogenic PAHC. This is also confirmed by the prevalence of pyrene over perylene (P/PL = 4-6.6), the exception is found in the sediments of the 1801station (P/PL = 0.7), located in the central part of the bay. The maximum concentration of naphthalene (28 %) at the station located near Chauda Cape can indicate sediment pollution by petroleum hydrocarbons in this area [6, 12] .
During the complex monitoring of the Black Sea central part within the Russia economic zone in September 2015 (the 81st cruise of the R/V Professor Vodyanitsky) rather low concentrations of AHC were monitored: 9-21 μg/l (Tab. 1, Fig. 6,  a) in the surface waters, 23-34 μg/g in the silty bottom sediments (Tab. 2, Fig. 6,  b) ; i. e, they were at the level of the background ones [6] . The natural origin of AHC in the bottom sediments is indirectly indicated by the relations between the moisture content of the sediment, the concentrations of Corg and AHC, which values ranged from r = 0.75 to 0.89 (n = 8), and also the low content of AHC in Corg composition (0.09 % on average) [6] . Thus, in the studied areas, there was a large variability in the AHC concentrations in the suspended matter of surface waters. It was caused both by the hydrological features of the considered water areas and by the penetration of oil products, and also by the rapid utilization of organic compounds in the sea waters [19, 20] . The study of the inter-seasonal variability of the content of various pollutants in the Gelendzhik Bay surface waters showed that there is a sequential increase in the AHC concentrations from summer (15 μg/l) to winter (30 μg/l) reaching maximum in spring (67 μg/l) [20] . Under elevated summer temperatures, the transformation of OM, including AHC, increases, and with decreasing of the temperature, degradation processes slow down and accumulation of AHC takes place [6] .
Due to the hydrophobic properties, the increase in the AHC concentrations is usually observed in areas with a higher content of suspended matter. To a lesser extent, the AHC distribution depends on the production characteristics of the area, in particular on chlorophyll a [6] . Penetration of pollutants can disrupt these dependencies. Therefore, in the summer 2012 in the Gelendzhik Bay surface waters, the distribution of suspended matter and chlorophyll a coincided (r = 0.86, n = 12). At the same time, despite the low content of AHC, the dependence in the AHC and suspended matter distribution of is less pronounced: r = 0.40. Due to the absence of large industrial facilities on the shore in the Gelendzhik Bay area, as well as remoteness from the main shipping routes, the AHC distribution is mainly affected by natural autochthonous processes. The low productivity of this area (chlorophyll a concentration is less than 1 μg/l) also provides a low content of AHC in surface waters.
The water area adjacent to the Big Sochi was earlier considered one of the most polluted in the Black Sea Russian part [9, 13 and 14] . As our data showed, the termination of the Olympic facilities construction and the current recreational policy led to a decrease in the amount of pollutants in the area. At the geochemical barrier of the river -sea, the AHC distribution was subordinated to the marginal filter regularities and there was a dependence in the AHC and suspended matter distribution in the Mzymta inflow area.
The reason for high concentrations of AHC in the Feodosiya Bay near Chauda Cape is the contaminated water penetration from the Kerch Strait [18, 21 and 22] . The main sources of pollution include ports, industrial enterprises located on the shore, sewage collectors, cargo terminals, single-buoy transshipment sites and waste landfills. According to the data of satellite sounding and direct measurements in the Feodosiya Bay, the penetration of water from the Sea of Azov occurs quite often. They are retained against the shore by the Black Sea Rim Current [18] , which contributes to the AHC accumulation of in the area of Chauda Cape. It was established [22] that the contaminated water lenses produced by these sources are characterized by a high content of dissolved OM, oil products and suspended matter. According to the monitoring data in the Kerch Strait waters in 2013 and 2014, concentrations equal to or greater than TLV doubled (up to 49 %) with a maximum in August (210 μg/l, 4.2 TLV) [23] .
In the bottom sediments, the distribution of the HC concentrations largely depends on their granulometric type. Particularly, the difference in the AHC accumulation by the bottom sediments with the change in their granulometric composition led to the fact that in the Danube estuary area in the surface layer of arenaceous deposits the average content of AHC was 20 μg/g, in silty deposits -with an admixture of shells -31 μg/g, and actually in silts -179 μg/g of dry sediment [6] . This confirms the realization of an increased sorption capacity of a finely dispersed material with respect to AHC. Therefore, in contrast to the surface waters, elevated concentrations of ACH in the bottom sediments are observed in the port of Feodosiya.
The obtained results on the AHC content in the bottom sediments of the studied areas are consistent with the previous data on coastal sediments of the Russian shelf (15-170 μg/g) [14] and deep-sea sediments of the Black Sea (10-103 μg/g). The AHC levels coincided with the concentrations established for the Mediterranean Sea sediments, but were significantly lower than in the water areas with constant oil entries [6, 14] .
Despite the effect of oil and pyrogenic sources, the PAHC content in the studied sediments, according to the EPA classification [24] , was rather low: up to 31 ng/g in the Gelendzhik Bay and up to 348 ng/g in the Feodosiya Bay. These concentrations are considered background, or insignificant [12, 24] , which coincided with the data of [13, 14] , according to which the Σ 17 PAHC content in the Black Sea sediments was below 100 ng/g. Earlier, the highest content was determined in the sediments in the Danube drift area (635 ng/g) and in the port water areas of Odessa (638 ng/g). In these samples, oil and pyrogenic polyarenes prevailed in composition of the PAHC sediments. However, these sediments are also considered to be moderately polluted, since under harmful concentrations of up to 2000 ng/g, no adverse effects from the PAHC influence on humans are observed [24] .
Conclusions
The highest concentrations of AHC are monitored in the coastal zones of the Black Sea Russian sector. The composition alkanes of suspended matter and bottom sediments were dominated by natural components. Petroleum and pyrogenic hydrocarbons are found mainly in the PAHC composition.
The HC accumulation occurred in the bottom sediments (especially coastal ones, where their concentrations exceeded the background ones in terms of the dry mass) and in the Corg composition of. Petroleum HCs increase the AHC level in water and sediments, and so that creating the present hydrocarbon background.
In the Big Sochi area there was a decrease in the AHC concentrations in the surface waters and in the bottom sediments in 2015 compared to 2013, the impact of the Olympic facilities construction was short-lived.
In the Feodosiya Bay area, the main source of the surface water pollution is the AHC penetration (up to 90 μg/l) from the Kerch Strait. There are also increased concentrations of AHC and PAHC in the sediments (80 μg/g), since their content determines the granulometric composition of the deposits. A high proportion of naphthalene in the PAHC (9-28 %) may indicate the presence of fresh oil products.
